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[Abstract] Methane is an energy-dense fuel but is also a greenhouse gas 25 times more detrimental to the environment than CO2. Methane can be produced abiotically by serpentinization, chemically by Sabatier or Fisher-Tropsh chemistry, or biotically by microbes (Berndt et al., 1996; Horita and Berndt, 1999; Dry, 2002; Wolfe, 1982; Thauer, 1998; Metcalf et al., 2002) . Methanogens are anaerobic archaea that grow by producing methane gas as a metabolic byproduct (Wolfe, 1982; Thauer, 1998) . Our lab has developed and optimized three different gas chromatograph-utilizing assays to characterize methanogen metabolism (Catlett et al., 2015) . Here we describe the end point and kinetic assays that can be used to measure methane production by methanogens or methane consumption by methanotrophic microbes.
The protocols can be used for measuring methane production or consumption by microbial pure cultures or by enrichment cultures. 2. Open gas valve and regulator of 99.99% methane gas tank. Regulator is fitted with a stem that allows a needle to fit into the tip ( Figure 3 ). The stem is fitted with an air tight septa to not allow undesired methane gas to leak out of the tank. 6. Open the stopcock and dispel gas from syringe to the desired volume.
Materials and Reagents

Balch tubes (Bellco Glass
7. Allow gas to equilibrate to atmospheric pressure and then close the stopcock.
8. Inject methane gas into stoppered/crimped autosampler vial.
9. Run methane capture method on Agilent GC (details described below). 3. In the fume hood, take culture tubes and insert an 18 G needle three quarters of the way through the blue butyl stopper ( Figure 5A ). Do not push the needle through the stopper completely.
http://www.bio-protocol.org/e1779 Vol 6, Iss 7, Apr 05, 2016 6 4. Using a gas tight Hamilton syringe, insert the syringe needle into the 18 G needle ( Figure 5B ). Be sure that the Hamilton syringe stopcock is closed at this time ( Figure   2C ). The 18 G needle is used as a guide to help puncture the butyl stopper with the Hamilton syringe needle while keeping the syringe needle straight.
5. Push the Hamilton syringe needle through the butyl blue stopper until the end of the needle becomes visible in the headspace of the culture tube ( Figure 5B ). Once again, do not push the 18 G needle completely through the stopper.
6. Open the stopcock of the Hamilton syringe. Quickly and steadily withdraw the Hamilton syringe plunger to the desired volume of headspace. (When using the standard curve described above, it is best to withdraw 50 µl of headspace from the culture.) Once at the desired volume of gas, quickly turn the stopcock of the Hamilton syringe, sealing the gas inside the syringe. Do not let the gas escape to equilibrate with atmospheric pressure (as in section A). Depending on the pressure in the growing culture, the plunger on the Hamilton syringe may continue to move as the gas expands in the syringe. 12. Run the "Methane" method on the GC (Table 1) 4. Measure the amount of plain medium and 2x C medium required for the experiment (Table 2) . Add protein synthesis inhibitor to desired concentration. For methanogens, add mupirocin to 70 µM.
5. Once items are brought into the chamber, gently resuspend any settled cells in the 10 ml culture. Withdraw 5 ml using a syringe and place in a sterile test tube. Withdraw the remaining 5 ml and place in a separate test tube.
6. Spin down cell cultures in the centrifuge for 5 min at 1,228 x g.
7.
Decant supernatant and resuspend each pellet in 5 ml/test tube of plain medium. Use the syringe to disrupt the pellet and spin gently to avoid lysing cells.
8. Spin the resuspended cells for 5 min in the centrifuge at 1,228 x g.
9.
As the centrifuge is running, place autosampler vials on an autosampler vial rack.
Seven vials are required to assay one strain: five vials for sample replicates, a medium-only control (medium without cells) and a no substrate cells-only control (cells in plain medium only, no carbon source).
10. For 500 µl cell suspensions, Add 250 µl 2x C medium to the five sample replicates and to the medium-only control. Add 250 µl of plain medium to both the medium-only and to the no-cells controls (Table 2) .
11. When the centrifuge has halted, immediately decant supernatant. Tap the test tube onto a piece of paper towel to remove all residual media.
12. Use 2 ml plain medium to resuspend and combine pellets into one tube. This should be 2 ml total resuspension for each 10 ml Balch tube culture. Keep cold in a 4 °C Nalgene Labtop Cooler.
13. Add 250 µl of cell suspension to the sample replicates and the cells-only control.
14. Place 200 µl of leftover cell suspension into a labeled microcentrifuge tube. This will be used to measure protein concentration by Bradford assay.
15. Crimp and label vials. Forceps can be helpful in placing stoppers and crimps onto each vial.
16. Remove the vials from the chamber and place in a 35 °C incubator for 5 min before placing vials in the GC autosampler.
17. Do six runs of a seven-vial sequence using the "Methane" method on Agilent GC (Table 1) (Table S1 .). Crimpers are used to seal autosampler vials using aluminum crimps and rubber stoppers. f. Store at 4 °C for up to a month.
Plain medium (no C source)
Follow the same culture medium recipe as usual, but omit the carbon source. Methanosarcina species that can produce methane from CO2, the bicarbonate in the normal HS medium recipe is replaced with 50 mM 3-N-(morpholino) propanesulfonate (MOPS) (pH 6.8), and the medium is sparged and dispensed into Balch tubes under 100% nitrogen.
2x C medium
Add twice the concentration of carbon source to Plain medium (no C source). For example, when assaying Methanosarcina grown on HS medium, if the desired final concentration in the assay is 50 mM methanol, add 100 mM methanol to Plain HS medium to make 2x C HS medium.
